Timely diagnosis of respiratory syncytial virus (RSV) infection is critical for appropriate treatment of lower respiratory infection in young children. To facilitate diagnosis, we developed a rapid, specific, and sensitive TaqMan Respiratory syncytial virus (RSV) is one of the major respiratory pathogens causing lower respiratory tract diseases in children (10, 18, 23) . Based on genetic and antigenic variations in the structural proteins, RSV is classified into two subgroups, A and B (3, 24). At present, there is no vaccine available for prevention of the viral infection, although antiviral therapy is known to be effective in some patients (1, 2, 11). For appropriate treatment of RSV infection, it is crucial to have an accurate and timely diagnostic method for detection of the virus.
Respiratory syncytial virus (RSV) is one of the major respiratory pathogens causing lower respiratory tract diseases in children (10, 18, 23) . Based on genetic and antigenic variations in the structural proteins, RSV is classified into two subgroups, A and B (3, 24) . At present, there is no vaccine available for prevention of the viral infection, although antiviral therapy is known to be effective in some patients (1, 2, 11) . For appropriate treatment of RSV infection, it is crucial to have an accurate and timely diagnostic method for detection of the virus.
A number of techniques are available for detection and identification of RSV, including cell culture, enzyme immunoassay (EIA), immunofluorescence (IF), and conventional reverse transcription (RT)-PCR (6, 7, 8, 9, 12, 16, 17, 21, 22, 25) . The classical cell culture method requires prompt inoculation of the labile virus and is a time-consuming process. In addition, the test has low sensitivity, detecting only 50 to 60% of RSV infections (17) . More rapid immunoassays for the detection of RSV, such as EIA and IF, also have limitations in sensitivity and specificity. The accuracy of EIA, for example, is in the range of 57 to 98%, and that of IF varies from 65 to 92% (12) . This wide variability in assay sensitivity and specificity may lead to inaccurate diagnosis of RSV infection, and consequently, the assays may be of limited value in patient care. Furthermore, such rapid immunoassays are rarely capable of differentiating RSV subgroups A and B, which may be associated with different disease severities (28) .
Conventional RT-PCR, which has recently been developed for the detection of RSV, is a more sensitive and specific diagnostic method that also allows for the subgrouping of the virus in a single reaction (6, 7, 8, 9, 17, 25) . However, it still requires time-consuming post-PCR analysis. Real-time RT-PCR, on the other hand, eliminates post-PCR processing (13) . This is achieved by combining conventional RT-PCR with advanced fluorescence detection technology, which allows the fluorescence signals to be analyzed and recorded during PCR cycling. The advanced method also performs automatic sample analysis with enhanced sensitivity and specificity. In this report, we describe the development and application of a TaqManbased RT-PCR assay for simultaneous detection, subgrouping, and quantification of RSV A and B in clinical respiratory specimens.
MATERIALS AND METHODS
Virus stocks, plaque titration, and virus particle counts. RSV A2 (subgroup A) and 2B (subgroup B) were propagated in Vero cells. About 100 ml each of subgroup A and B virus stocks were prepared, and the stocks were stored in 0.5-ml aliquots for future use. For plaque titration of RSV stocks, confluent Vero cells in 24-well plates were inoculated with 100 l of a serial dilution of each virus at 37°C. After 60 min, 1 ml of 0.8% agarose was added to each well, and the plates were incubated in a CO 2 incubator at 37°C for 1 week. The plaques were visualized by addition of agarose containing neutral red. For determination of virus particle counts, aliquots of RSV A and B virus stocks were enumerated by electron microscopy (EM) (Advanced Biotechnologies Inc., Columbia, Md.). The titers of our RSV A and B stocks were determined to be 4 ϫ 10 6 and 3 ϫ 10 6 PFU/ml, respectively. The particle counts of our RSV A and B stocks were 7.6 ϫ 10 8 and 1.02 ϫ 10 9 /ml, respectively. Aliquots of specimens, to which RNAlater (Ambion, Austin, Tex.) was added upon collection, were stored at Ϫ70°C and then shipped to the United States in the frozen state (Ϫ70°C). The culture methods for the detection of all viruses, including RSV, in clinical respiratory specimens were described previously (27) . For detection of the viral antigen of RSV by IF, the cells from the clinical specimens were washed, concentrated, and spotted on slides. The slides were then stained using IMAGEN (Dako Diagnostics, Ely, United Kingdom) and analyzed as described previously (27) .
Nasal specimens of asymptomatic subjects were collected from healthy adult volunteers in the United States between March and September 2001.
RNA extraction. Viral RNA was extracted from 70 l of clinical specimen, tissue culture supernatant, or allantoic fluid using the QIAamp viral RNA minikit (Qiagen, Chatsworth, Calif.) and following the manufacturer's instructions.
Design of primer-probe pairs. The assay was designed to serve two purposes: (i) detection of a broad range of RSV strains and (ii) differentiation of RSV subgroups A and B. The N gene of RSV was chosen as the target because it is one of the most conserved genes in the RSV genome. The nucleotide sequences from this gene could possibly recognize a large variety of RSV strains in clinical specimens. In addition, 6 nucleotides in the N gene (Table 1) differ substantially between subgroups A and B (15) . The probes were designed to contain these 6 nucleotides, thus providing subgroup specificity. The primers were also designed to be subgroup specific in order to enhance the assay specificity. After comparison of the sequences of the N genes from four strains of RSV A and four strains of RSV B (14, 15) , two oligonucleotide primer-probe pairs were selected using Primer Express Software (Applied Biosystems, Foster City, Calif.). The nucleotide sequences of the primers (A21, A102, B17, and B120) and probes (APB48 and BPB45) are shown in Table 1 . The primers were obtained from Invitrogen Life Technology (Carlsbad, Calif.), and the probes were synthesized by Applied Biosystems. Both probes contained oligonucleotides with the 5Ј reporter dye 6-carboxyfluorescein and the 3Ј quencher dye 6-carboxytetramethylrhodamine.
Real-time PCR. A 50-l reaction mixture contained 5 l of the purified RNA, 1.25 l of multiscribe (Applied Biosystems) with RNase inhibitor, 25 l of TaqMan one-step RT-PCR master mix including Rhodamine X as a passive reference, 0.5 M primer, and 0.2 M probe as suggested by the manufacturer. The real-time RT-PCRs were carried out in an ABI Prism 7700 sequence detection system (Applied Biosystems). RT was performed at 48°C for 30 min. This was followed by 10 min at 95°C, which activated the AmpliTaq DNA polymerase, and then by 40 cycles of 15 s at 95°C and 1 min at 60°C, which amplified the RT products.
During amplification, the ABI Prism sequence detector monitored fluorescence emissions at every thermal cycle. Rhodamine X was used as a passive reference to which the signal of the reporter dye was normalized during data analysis, which reduced non-PCR-related fluorescence fluctuation from well to well. The threshold cycle (C T ) represents the cycle at which significantly increased fluorescence is first detected.
Standard precautions were taken throughout the PCR process to avoid crosscontamination. Negative controls and serial dilutions of positive controls were included in every PCR assay. All PCR procedures were performed in a welldesigned PCR suite (5, 19).
RESULTS

Specificity.
The specificity of the TaqMan RT-PCR assay was evaluated by testing the method against viral RNAs derived from various sources. These included five laboratory virus stocks, which were prepared as described in Materials and Methods. Two of the laboratory stocks were RSV (A2 and 2B), and three were influenza virus [A/New Caledonia/20/99 (H1N1), A/Sydney/5/97(H3N2), and B/Yamanashi/166/98]. Additionally, 94 viruses derived from 175 well-characterized clinical respiratory specimens, described previously, were examined (27) . They included adenovirus types 1, 3, 5, and 21; cytomegalovirus; coxsackie virus A9 and A16; enterovirus; herpesvirus type 1; influenza virus A and B; parainfluenza virus types 1, 2, and 3; poliovirus type 1; and RSV A and B. When the viruses were analyzed by TaqMan PCR, the results showed that all of the RSV strains and none of the other viruses were detected among the various laboratory stocks, as well as clinical respiratory specimens. In addition, no fluorescence signal was observed from RNA extracted from 12 nasopharyngeal aspirates obtained from asymptomatic subjects (data not shown).
Fluorescent signal was observed only in the presence of RNA derived from the RSV A2 strain and the subgroup Aspecific primer-probe pair (Fig. 1a) . Similarly, the subgroup B-specific primer-probe pair detected only the RNA derived from the RSV 2B strain (Fig. 1b) . Fluorescence was not observed in the negative controls, which contained no RNA (Fig.  2) . To further confirm that the TaqMan primer-probe pairs are RSV and subgroup specific, nucleotide sequence analysis of the G gene (14) was performed for the RSV A and B virus stocks, as well as for 14 clinical isolates comprising 9 RSV A and 5 RSV B isolates. The results of sequence analysis confirmed that all the viruses corresponded to the subgroups predicted by the real-time RT-PCR assay (data not shown).
Quantification and sensitivity. To measure the dynamic range of quantification and the sensitivity of our TaqMan PCR assay, two methods were used to quantify our RSV A and B virus stocks: (i) plaque assays and (ii) EM particle counts (see Materials and Methods). After virus quantification, viral RNA was extracted from 10-fold serial dilutions of each well-characterized virus stock and then amplified as described in Materials and Methods. The sensitivity of the TaqMan RT-PCR assay was determined for each RSV subgroup-specific primerprobe pair. Based on an 80% recovery of viral RNA in our a The published sequence of the N gene for the RSV A2 strain (GenBank accession number M11486) and that for the RSV B strain (GenBank accession number D00736) were used for the design of primers and probes.
b Underlined nucleotides differ between subgroups A and B.
routine extraction process (data not shown), detectable fluorescence signals were observed in RNA samples derived from 0.023 PFU of RSV A2 (Fig. 2a) or 0.018 PFU of RSV 2B (Fig.  2b) , respectively. Based on EM particle counts, these PFU values correspond to two particles of RSV A2 and nine particles of RSV 2B. Thus, the sensitivity of our TaqMan PCR assay for RSV A and B was determined to be 0.023 PFU, or two copies of viral RNA, and 0.018 PFU, or nine copies of viral RNA, respectively. In a quantitative TaqMan PCR assay, there is an inverse linear relationship between the cycle number (C T ), at which a significant increment of fluorescence signal is first detected and the logarithm of the initial number of target molecules (13) . For RSV A, the C T values were plotted against 10-fold serial dilutions of the virus stock (Fig. 2a) . The results showed that the assay was linear over a wide range of virus concentrations-from 2.3 ϫ 10 Ϫ3 to 2.3 ϫ 10 2 PFU, with a coefficient of correlation of Ͼ0.999. Similar results were also obtained for RSV B (data not shown). Thus, our assay provides quantitative results over 6 orders of magnitude for both RSV A and RSV B.
Comparison of culture confirmation, immunofluorescence, and TaqMan Table 2 shows that, overall, RSV was identified in a total of 36 (21%) of the 175 specimens. Of these 36 RSVpositive specimens, 21 (58%) were detected by culture confirmation, 32 (89%) were detected by IF, and 36 (100%) were detected by PCR. The TaqMan RT-PCR assay identified all the positives that were identified by culture isolation or by IF. In addition, TaqMan RT-PCR was able to subgroup the 36 RSV-positive samples. Among them, 10 (28%) were identified as RSV A and 26 (72%) were identified as RSV B. The results indicated that all three methods were found suitable for analyzing clinical specimens containing moderate to high viral loads. IF and PCR were also found suitable for specimens containing moderate to low levels of RSV (Fig. 3) . Overall, we found that TaqMan RT-PCR was about 40% more sensitive than culture and 10% more sensitive than IF in this study. Our assay not only detected RSV but also subgrouped the virus simultaneously. When the assay was utilized to analyze 175 clinical respiratory specimens, the results showed that about 2.5 times more RSV B than RSV A was found to be circulating among children in Hong Kong during the winter of 2000 and 2001 (Table 2) .
DISCUSSION
In this report, we describe the development and application of a rapid TaqMan-based RT-PCR assay not only for detection of RSV A and RSV B genomes but also for simultaneously subgrouping these viruses in clinical specimens. The assay is highly specific and sensitive and can provide results in ϳ3 h. In contrast to conventional PCR, the TaqMan PCR assay generates fluorescence-labeled PCR products, which are measured and recorded during PCR cycling, thus eliminating time-consuming post-PCR processes, such as gel electrophoresis, blotting, and hybridization (26) . Elimination of post-PCR processing increases the assay rapidity and reduces the chances of cross-contamination, thus eliminating false-positive results. Furthermore, the fluorescence signals of TaqMan PCR assays are derived from the total volume of a PCR mixture, whereas the signals of conventional RT-PCR are usually obtained from the gel electrophoresis of a fraction of a PCR product. Our TaqMan RT-PCR assay was able to detect RSV in the range of 1.8 to 2.3 PFU/ml. These detection limits are comparable to the sensitivity of 3.3 PFU/ml reported for the commercial Hexaplex PCR kit, which is based on conventional PCR methodology (17) . In addition, the TaqMan PCR assay can exhibit enhanced specificity compared with conventional PCR because it employs one additional highly specific probe in the middle of the amplicon. Our findings demonstrate that the TaqMan assay is more sensitive than culture confirmation. One major reason for lower recovery rates with culture detection is the lability of RSV that may be caused by improper handling of clinical specimens, as well as the variability inherent in specimen acquisition. TaqMan RT-PCR can overcome these problems by measuring the total number of viral genomes irrespective of virus viability. A combination of PCR and culture confirmation methods, however, provides a useful means of assessing the quality of clinical specimens.
To overcome the issue of false-positive results in PCR assays, we implemented the following precautions: (i) negative controls (ϳ5% of the total number of samples undergoing analysis), containing no RNA template, were included in every assay; (ii) nasal specimens from 12 asymptomatic subjects were collected outside the winter season and assessed by our TaqMan PCR assay. False positives were never detected among the negative controls or among specimens obtained from asymptomatic subjects.
Immunofluorescence is widely used for the quick detection of RSV in nasal aspirates (7, 20) . In this study, the IF sensitivity is closer to that of PCR (Table 2) , but it requires a skillful person to perform and analyze the results. These requirements hamper automation of the IF assay for use in high-throughput analyses of large numbers of clinical specimens. In addition, clinical respiratory specimens are often viscous and may not contain enough epithelial cells for examination, which is problematic for IF (20) . In the case of TaqMan PCR, the addition of RNAlater to the clinical specimens appears not only to preserve the RNA in the clinical specimens but also to reduce sample viscosity and consequently ease sample manipulation. Furthermore, this method does not depend on the recovery of epithelial cells. Overall, TaqMan PCR offers automatic data analysis, which eliminates operator subjectivity and provides accurate subgrouping information.
In conclusion, we established a rapid, sensitive, and specific quantitative TaqMan-based real-time RT-PCR assay for simultaneous detection and subgrouping of RSV A and B viruses. The assay has the potential to operate in a high-throughput format when combined with the use of an automatic RNA isolation workstation, which allows results to be obtained within 6 h after the collection of specimens. Despite the suitability of traditional assays for the diagnosis of respiratory viral infections, the real-time RT-PCR assay provides a rapid and highly sensitive alternative for investigating RSV in clinical specimens obtained in surveillance, diagnostic, prophylactic, and therapeutic settings. Furthermore, this new option permits FIG. 3 . RSV-positive clinical specimens analyzed by TaqMan PCR. The samples were collected and analyzed as described in Materials and Methods. The threshold cycle (C T ) represents the cycle number at which a significant increment of fluorescence signal is first detected. Each symbol represents the C T number for an individual specimen. a more extensive examination of the relationships of viral load and RSV subgroup with disease progression or severity (4, 28) .
